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. Figure 13.2 Two plots of the fimesses of two organismic units, A and B, versus their
" position along two environmental gradients, x and y. (a) A three-dimensional plot with
| a fitness axis. (b) A two-dimensionai plot with the fithess axis omitted; low, medium,
 and high fitness represented by contour lines. :
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Figure 13.3 A plot (like that of Figure 13.2b) of fit-
ness along three different environmental gradients,
x, y and z, showing zones of low and high fitness. A
four-dimensional plot with a fitness axis analogous to
Figure 13.1 is implicit in this graph.
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Figure 13.4. Various possible niche
relationships, with fitness density
models on the left and set theoretic
ones on the right. (a) An included
niche. The niche of Species 2 is
entirely contained within the niche
of Species 1. Two possible outcomes
of competition are possible: (1} if

-Species 2 is superior (dashed curve),
it pefrsists and Species 1 reduces its
utilization of the shared resources;
(2) if Species 1 is superior (solid
curves), Species 2 is excluded and
Species 1 uses the entire resource
gradient. (b) Overlapping niches of
equal breadth. Competition is equal
and oppoesite. (¢) Overlapping niches
of unequal breadth. Competition is
not equal -and opposite because
Species 2 shares more of its niche
space than Species 1 does. (d)
Abutting niches. No direct
competition is possible, but such a
niche relationship can arise from
competition in the past and be
indicative of the avoidance of
competition, as in-interference
competition. {e) Disjunct niches.
Competition canmot occur and is not
even implicit in this case.

Figure 13.5. Sét theory model of the
fundamental niche (stippled and
cross hatched) of Species G and its
realized niche (cross hatched),
which is a subset of the fundamentfﬁ
niche, after competition and
complete competitive displacement
due to six superior competitors,
species A, B, C, D, E, and F.
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Figure 7,26 The zonation of
individuals, according to soil
depth, of two armual plants,
Sedium smallii and Minuartia
uniflora at four stages of the life
cycle. (After Sharitz &
McCormick, 1973.)
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Fic. 86, Taenig solium, the pork tapeworm. Left, whole worm, about 14
natural size. Right, enlarged parts of worms from regions indicated on whole
worm, showing progressive development of proglottids. In C the testes are just
beginning {0 appear; in D the male system is fully functional, but the female
system is immature; in E both systems are fully mature and functional; and in
F the ripe uterus has usurped the whole segment, only the vagina and sperm duct
being still recognizable.
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it is possible to find in a single tapeworm a complete developmental
series of proglottids from infancy to old age. The young undifferen-
tiated segments just behind the neck gradually attain sexual maturity
in the middle portions of the worm, and then the segments either con-
tinue to produce and shed eggs throughout the rest of the strobila (in
Pseudophyllidea) or there follows a gradual decadence of the repro-
ductive glands (in Cyclophyllidea) as the. segments “go to seed” and
become filled by the pregnant uterus with its hordes of eggs (Fig. 86).
The whole process can be likened to the development of an undiffer-
entiated bud into a perfect flower and then a seed pod.

s L) e el
T et o ok e bl —1 A

Fig, 87. Types of scoleces of tapeworms. A, order Pseudophyllidea (Dibo-
thriocephalus latus); B, order Tetraphyllidea (Phyliobothrium sp.}; C, order
Trypanorhyncha (Qtobothrium sp.); D, order Pseudophyllidea (Bothridium sp.);
m‘__ oauﬁ. Diphyllidea (Echinobothrium sp.); ¥, order Cyclophyllidea (Taenia
solium).

“Anatomy. The scolex of a tapeworm serves primarily as an organ
of attachment, though it also contains what little brain a tapeworm has.
Considering the entire subclass Cestoda, the variety of holdfast organs
developed by the scolex is remarkable (Fig. 87), consisting of groove-
like, in-cupped, or ear-like suckers, and in addition, in some species,
crowns of powerful hooks or rows of spines on a fleshy anterior pro-
tuberance called a rostellum, in some forms retractile into a pouch.
In one order (Trypanorhyncha) there are long, protrusible, spiny pro-
boscides retractile into canals in the neck (Fig. 87C). The scoleces
of the tapeworms infesting mammals, however, are comparatively monot-
onous in form.

Like flukes, tapeworms are covered by a cuticle secreted by cells
underlying it in the spongy mesodermal parenchyma in which all the



378 Acanthocephala (Spiny-Headed Worms)

in'a delicate hyaline sheath produced by the larva. The proboscis is
fully formed but inverted, and the reproductive organs are sufficiently
developed so that the sex is easily recognized. In Moniliformis larvae
the hypodermis is expanded into broad flanges.

" Fie. 111, Life cycle of Moniliformis dubius: 4, egg; B, acanthor in process
of escaping from egg shell and membranes; C, median sagittal section of larva
from body cavity of roach 29 days after infection; D, acanthella dissccted from
enveloping sheath, about 40 days after infection; E, cystacanth from body cavity
of roach, with proboscis inverted, about 50 days after infection; F, cystacanth
freed from cyst and proboscis evaginated. Abbreviations: b., brain; c.g., cement
glands; c.m., central nuclear mass; g.., genital ligament; A., hypodermis; ., inverter
muscles; ip. inverted proboscis; i.s., inner shell; [, lemmisci; 7., subcuticular
ducleus; #.g., nuclei of apical ring: .., nuclei of lemniscal ring; o.s., outer shell:
P., proboscis; p.h., developing proboscis hooks; p.r., proboscis receptacle; rk.,
rostellar hooks; r.m., retractor muscle; 7., testes; u.b., uterine bell, (After Moore,
J. Parasitol,, 1946.)

" Effects on Host. Acanthocephala damage their hosts principally
by local injury and inflammation at the point of attachment of the spiny
proboscis. When the worm moves and reattaches, the old sore may

become infected by bacteria. Occasionally the worms cause perfora-:

tion of the gut wall and precipitate a fatal peritonitis. In heavy
infections, loss of appetite and interference with digestion may lead to
unthriftiness. Dogs and coyotes infected with Oncicola (see p. 381)
are said sometimes to develop rabies-like symptoms, suggesting the
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possibility of transmission of a virus by the worms. Grassi and
Calandruccio in 1888 reported acute pain and violent ringing in the
ears experienced by the junior author 19 days after infecting himself
with Moniliformis larvae.

Burlingame and Chandler (1941) showed that, as with some adult
tapeworms, no true immunity to Acanthocephala is developed, resist-
ance to reinfection being primarily a matter of competition for food and
for favorable locations in the intestine.

Classification. The Acanthocephala constitute a small group of
about a dozen families and about sixty gencra which are quite widely
divergent from other groups of worms but which are remarkably uni-
form among themselves, both in morphology and life cycle. Once
placed in a single genus, Echinorhynchus, they were later (1892)
divided into several families, then (1931) into two orders, which
were expanded to three in 1936 and finally elevated by Van Cleave
(1948) into a phylum containing two classes and four orders: class
Metacanthocephala with the orders Palaeacanthocephala and Archi-
acanthocephala, and the class Eoacanthocephala with the orders Gyra-
canthocephala and Neoacanthocephala.

To the writer the characters used by Van Cleave for differentiating
these groups seem trivial. For example, in the table of characters
given for distinguishing the orders, the only one in which the Gyr-
acanthocephala and Neoacanthocephala differ is the presence or absence
of trunk spines, and even this character is variable in one of the other
orders. No good character is presented for differentiating the two
classes. For the present, therefore, we prefer to consider the Acantho-
cephala as constituting a single class with three orders, as proposed by
Van Cleave in 1936, though we consider even this rather extreme,

1. Palacacanthocephala. Proboscis hooks usually in long rows; spines present
on trunk; nuclei in hypodermis usually fragmented; chief lacurar vessels in hypo-
dermis lateral; single ligament sac in 9 often breaks down; separate cement glands;
cggs spindle-shaped, thin-shelled; mostly in fishes and aquatic birds and mammals,
cystacanth in Crustacea.

2. Eoacanthoeephala. Proboscis hooks usually in a few circles; trunk spines
present or absent; nuclei in hypodermis few and large; chief lacunar vessels
dorsal and ventral; distinct dorsal and ventral ligament sacs in Q; syncytial
cement glands; eggs ellipsoidal, thin-shelled; parasitic in fishes, except one in
turtles, cystacanth in Crustacea.

3. Archiacanthocephala. Proboscis hooks either in long rows (e.g., Monili-
formis) or in a few circles (e.g., Oncicola and Macracanthorhynchus); no spines
on trunk; nuclei in hypodermis few and large; chief lacunar vessels dorsal and
ventral; dorsal and ventral ligament sacs persist in ¢ ; separate cement glands: eggs
usually oval, thick-shelled; protonephridia present in some; parasitic in terrestrial
vertebrates, cystacanth in grubs, roaches, ete. -
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Figure ] Effects of single-species and mixed mf‘ecnons on the intraintestinal distribution of
the tapeworm Hpmenolepis diminuta and the acanthocephalan Moniliformis dubius. Tape-
worms are represented by solid dots and lines, and acanthocepha[ans by open dots and broken
lines. The data points are from Holmes (84). The curves were drawn by eye.
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Figure 7.3, Lower carnassial lengths, canine diameters, and condylobasal skull lengths in the
canid guild of Iscael.
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'.Fig.ure 7.1. Canine diameters and condylobasal skull lengths of species in the mustelid/viverrid
guild of Israel.
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Canine diameters and condylobasal skull lengths of species in the small-felid guild of
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Figure 20.4 The mean diameters of the upper canines at eight locations in North America
for each sex of three species of Mustela are shown as solid bars. For visual convenience
dashed lines connect each sex of each species and the Alaskan populations are shown to the
left. Despite considerable variation in number and identity of coexisting species, the spacing

' of canine sizes is remarkably even. (After Dayan et al., 1989; Pimm & Gittleman, 1990.)
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Figure 20,9 The conventional
musical ensemble of recorders,
which appears to conform to
Hutchinson’s size-ratio rule.
(After Horn & May, 1977.)
{Instruments kindly lent by R.
Acott, Oxford. Photograph
courtesy of B. Roberts.)
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Fie. 1. The altitudinal distribution of Plethodon jordani and P. glutinosus in five vertical transects in the Great'Smol‘i
Mountains of North Carolina and Tennessee, and in three vertical transects in the Balsam Mountains of North Carolina. !
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